This study aimed to examine the effect of a diabetes pay-for-performance (P4P) program on all-cause mortality in patients with newly diagnosed type 2 diabetes mellitus. Using a Taiwanese representative nationwide cohort, we recruited 5478 patients with newly diagnosed type 2 diabetes enrolled in the P4P program within 5 years after a diagnosis of diabetes between January 1, 2002 and December 31, 2010 and individuals not enrolled in the P4P program were recruited as the control group matched 1:1 with the study group. We used multivariate Cox proportional hazard models analysis to investigate the effect of the P4P program and adherence on all-cause mortality. A total of 250 patients died in the P4P group compared to 395 in the control group (mortality rate 104 vs 169 per 10,000 person-years, respectively, P < .0001). The control group also had more comorbidities. Patients enrolled in the P4P program demonstrated significant long-term survival benefits, of which the adjusted hazard ratio (aHR) for all-cause mortality was 0.58 [95% CI (0.48-0.69)]. In the study group, better adherence to the P4P program resulted in a greater reduction in mortality, with aHRs [95% CI] of 0.48 [0.38-0.62] and 0.36 [0.26-0.49] in subjects with a minimum 1-year and 2-year good P4P adherence, respectively. Participating in the P4P program within 5 years after the diagnosis of diabetes resulted in a significant reduction in all-cause mortality, and this effect was particularly pronounced in the patients with better adherence to the P4P program.
Introduction
Diabetes mellitus is a growing healthcare problem worldwide, and is associated with increased microvascular and macrovascular complications. About 40% of US adults are at an increased risk of developing diabetes mellitus in their lifetime. [1] According to World Health Organization estimates, the number of people with diabetes will increase from 177 million people in 2000 to 300 million by 2025. [2] To improve the quality of diabetes care, many countries including the USA, UK, Australia and Germany have launched diabetes pay-for-performance (P4P) programs, which are healthcare payment models where financial incentives are given for achieving pre-set health outcome targets.
In 2001, the Bureau of National Health Insurance (NHI) in Taiwan implemented a P4P program, with the aim of improving the quality of diabetes care, provided by physicians, certified diabetes educators and registered dietitians. This program focuses on patient-centered medical care, diabetes self-management education, improved adherence to diabetes guidelines and screening for diabetes-related complications in order to reduce chronic vascular complications, national health expenditure and long-term mortality.
Previous studies have reported that patients enrolled in P4P programs had better adherence to the guideline-recommended examinations, [3, 4] had better clinical processes of care (e.g. HbA1c) and intermediate outcomes, [5, 6] decreased diabetesrelated hospitalizations and inpatient costs, [7] but increased rates of severe hypoglycemia requiring emergency medical care [8] and increased outpatient expenses due to more regular follow-up visits. [4] Patients with type 2 diabetes are associated with a twofold increase in mortality [9, 10] and a reduction in life expectancy by about 6 years compared with individuals without diabetes. In addition, the 10-year follow-up UKPDS study demonstrated a relative risk reduction of 13% in all-cause mortality [11] with timely multidisciplinary team care to treat diabetic patients earlier in the course of the disease. Previous studies in Taiwan has shown the potential benefit of diabetes P4P programs in reducing risk of all-cause mortality among type 2 diabetic patients, [12, 13] however, the enrolled subjects may or may not be newly diagnosed type 2 diabetes mellitus and no specific time interval of enrollment of P4P program after the diagnosis of type 2 diabetes mellitus. Therefore, we conducted this cohort study of patients with newly diagnosed type 2 diabetes mellitus who participated early in a P4P program to investigate its effect and adherence of P4P program on mortality compared with matched diabetic patients who received standard medical care.
Methods

Sources of data and study population
Data were collected from the reimbursement records of the NHI program stored in the NHI Research Database (NHIRD) including complete personal claims data which are provided for research purposes. The NHI program was instituted in 1995 and now covers 99% of the population in Taiwan. In this study, we analyzed a nationwide representative cohort of 1 million people who were randomly sampled from the more than 23 million insured beneficiaries registered in the NHIRD. The inpatient and outpatient medical claims data and all personal information for this cohort of 1 million beneficiaries were extracted from 1996 to 2011. We recruited patients with newly diagnosed type 2 diabetes enrolled in the P4P program within 5 years after the diagnosis of diabetes between January 1, 2002 and December 31, 2010. The study was conducted after obtaining ethical approval of the Institutional Review Board of Chiayi Christian Hospital (approval no. CYCH-IRB-103046).
Study design
Patients were defined as having diabetes mellitus if they had at least 1 hospital admission with a diagnostic code of diabetes mellitus (ICD-9-CM code 250) or 3 or more outpatient visits with the same ICD-9-CM code within a 1-year period. The date of diabetes onset was recorded as the date of the first visit for diabetes. To define newly diagnosed cases of type 2 diabetes since 2002, patients with medical records listing diabetes before December 31, 2001 were excluded. Patients with type 1 diabetes and those under the age of 18 years were also excluded from this study. Patients were allocated to the P4P group if they had newly diagnosed type 2 diabetes between January 1, 2002 and December 31, 2010 and were enrolled in the P4P program (internal code in the NHI system: P14xx) within 5 years after the initial diagnosis of diabetes. The control group was randomly sampled at a 1-to-1 ratio to the P4P group, and included those who fulfilled the inclusion criteria listed above during the same time period, but who had never been enrolled in a P4P program. In addition, inclusion criteria for the patients in the control group were being alive on the index date of the P4P patient and both group not having any hospital admissions during the 1-year period before the index date to reduce the effect of medically fragile patients with other underlying disease on mortality. The controls were matched to the P4P group by gender, ±5 years of age, and ±3 months of the date of diabetes onset. The index date was defined as the date of first enrollment in the P4P program as evidenced by the presence of a specific code (internal code in the NHI system: P1407) in the claims data. Each matched pair were followed from the index date until death, the end of the study (December 31, 2011), or the date of withdrawal from the NHI program. The date of death was defined as that when the beneficiaries withdrew from the NHI program due to death.
Definition of comorbidities and other variables
Major comorbidities were defined as those with at least 1 admission record or at least 2 outpatient visits for a certain diagnosis within 3 years before the index date. The comorbidities included hypertension (ICD-9 401-402 and 405), hyperlipidemia (ICD-9 272.0-272.4), coronary artery disease (ICD-9 414.8 and 414.9), peripheral vascular disease (ICD-9 440-443, 447, and 557), stroke/cerebrovascular disease (ICD-9 430-438), heart failure (ICD-9 398.91, 402.01 402. 11 , chronic obstructive pulmonary disease (ICD-9 491-494,496 and 510), rheumatoid arthritis/collagen deficiency disease (ICD-9 701.0, 710.0-710.9, 714.0-714.9,720.0-720.9, and 725), gastrointestinal bleeding (ICD-9 456.0-456.2, 530.7, 531-534, 569.84, 569.85, and 578), adrenal disorders (ICD-9 255), hyperthyroidism (ICD-9 242), hypothyroidism (ICD-9 243-244.2, 244.8, and 244.9), psychoses (ICD-9 295.00-298.9), depression (ICD-9 300.4, 301.12, 309.1, and 311), dementia (ICD-9 290, 296.2x, 296.3x, 291.1, 29.2, and 294) and cancer (ICD-9 140-239). Several studies have been performed to validate the diagnostic accuracy in the National Health Insurance Research Database in Taiwan. [14] [15] [16] [17] [18] [19] All of these study results confirmed the accuracy of most of the comorbidities included in our study are high, which suggested the minimal estimation bias induced by misclassification in our study. Other variables including anti-diabetic agents, hospital level, and region of hospital location and frequency of outpatient visits were adjusted in the analysis. Exposure to antidiabetic agents was defined according the drug prescriptions recorded in the 6 months prior to death or the end of the study, and the anti-diabetic agents were categorized as: metformin only, sulfonylurea only, insulin only, metformin + sulfonylurea, metformin + insulin, sulfonylurea + insulin, metformin + sulfonylurea + insulin, and others. The hospital level was defined as a medical center, regional hospital, district hospital, and primary clinic. The hospital location was defined as Taipei + Northern region, central region, southern + Kao-ping region, and eastern region according to the geographic regions of Taiwan. The frequency of outpatient visits was the average annual number of outpatient visits, calculated from the index date until death. The duration of diabetes mellitus was calculated from the date of a first visit for diabetes until the end of follow-up.
The workflow of the P4P program in Taiwan
The P4P program conducted in Taiwan is a system of multidisciplinary team care whose members included physicians, registered nurses, dietitian, and pharmacists. Only physicians who are certified by Taiwanese Association of Diabetes Educators (TADE) can enroll diabetic patients in the P4P program. In the setting of the P4P program, an enrollee of the P4P program is advised to visit the physician once every 3 months to complete a structured care, which is defined in the initial Medicine enrollment visit (internal code P1407), continuing care visits (internal code P1408) and an annual evaluation visit (internal code P1409), respectively. The components of the structured care included medical history, physical examination, laboratory evaluation, evaluation of management plan, and diabetes selfmanagement education. This program is a reward-based, not a penalty-based system. In addition to regular physician fees, physicians can get extra incentive payments from the P4P program. In order to claim the P4P reimbursement, data of the "must-do" laboratory tests and examinations, which is composed of blood sugar, HbA1C, LDL, triglyceride, serum creatinine, urine albumin/creatinine ratio, systolic and diastolic blood pressure, eye fundus examination, and foot examination for initial enrollment visit and annual evaluation visit, and include blood sugar, HbA1C, systolic and diastolic blood pressure for continuing care visit, must be uploaded to Bureau of Health Promotion. An annual composite outcome score, which is calculated by the adherence rate of outpatient visit, the proportion of enrollees with HbA1C < 7.0%, the proportion of enrollees with HbA1C >9%, the proportion of enrollees with LDL < 100 mg/dl and the proportion of enrollees with LDL >130 mg/dl, are used to assess physicians annual performance. Only the top 25% best performing physicians will be rewarded. Therefore, physicians have more incentives to improve quality of diabetes care to get the bonus payments from the P4P program. The influence of adherence to the P4P program on mortality was also of interest in this study. In the year following the initial visit (internal code P1407), there should have been 2 comprehensive follow-up visits (internal code P1408) and an annual evaluation visit (internal code P1409) for the P4P program every 3 months. The enrolled patients may not have visited regularly or dropped out early, and good adherence was defined as having out-patient department visits for the P4P program at least twice a year, otherwise adherence was defined as being poor.
Statistical methods
To compare the characteristics between the P4P and control groups, we used the t test to compare continuous variables and the chi-square test to compare categorized variables. The independent variables included in the multivariate Cox proportional hazards model with robust sandwich variance are age, outpatient visits, antidiabetic agents, hospital level, geographical region, and comorbidities (hypertension, hyperlipidemia, coronary artery disease, peripheral vascular disease, cerebrovascular disease, heart failure, liver disease, renal disease, chronic obstructive pulmonary disease, rheumatoid arthritis/collagen deficiency disease, gastrointestinal bleeding, adrenal disorder, hyperthyroidism, hypothyroidism, psychoses, depression, dementia and cancer) and we used adjusted hazard ratios (aHRs) and their 95% confidence intervals (CIs) to investigate the effect of P4P program on all-cause mortality. To further examine whether the effect of the P4P program on mortality differed according to the duration of adherence to the program, we additionally performed 2 subgroup analyses in which the diabetic patients with good adherence for at least 1 year or at least 2 years were compared with their matched controls in the conventional Cox regression models. The reason why we did not choose to evaluate the interrelationship between adherence status and mortality by treating adherence status and comorbidities as timedependent variables in Cox regression models is because of the difficulty to clarify the true causal relationship between the adherence status and mortality and the possible caveat to adjust for sequelae. [20, 21] Furthermore, we also evaluate whether the beneficial effect of P4P program is consistent between groups stratified by age, insulin use and other comorbidities. The significantly different effects of the P4P program in the various subgroups were presented by aHRs with 95% CIs and depicted in a forest plot. The Kaplan-Meier method was used to draw survival curves which were then compared by the log-rank test (Supplemental Figure, http://links.lww.com/MD/D767). All statistical analyses were conducted using SAS software version 9.3 (SAS Institute, Cary, NC, USA.). A two-tailed P-value of less than .05 was considered to be statistically significant.
Results
Baseline characteristics and comorbidities of the P4P and control groups
There were 5478 diabetic patients in the P4P group and 5478 matched controls, with median follow-up periods of 4.37 and 4.27 years, respectively. Table 1 shows the baseline social demographic characteristics, the use of antidiabetic agents and comorbidities. There were no significant differences in age and gender between the 2 groups. Although duration of diabetes and mean follow-up time showed statistically significant by 1-month difference but in terms of clinical effect was small. The frequency of outpatient visits (times/year) was higher in the P4P group than in the control group (11.87 times/year vs 7.4 times/years, P < .0001). The control group had more comorbidities than the P4P group (Table 1) .
Incidence of mortality
Of the 5478 patients in each group, 250 died in the P4P group and 395 in the control group from 2002 to 2010 (mortality rate 104 vs 169 per 10,000 person-years, respectively, P < .0001).
Effect of the P4P program on the incidence of mortality
In the Cox proportional hazards model, the individuals participating in the P4P program had a significantly lower mortality rate after multivariate adjustments (aHR 0.58 [95% CI (0.48-0.69)]) ( 
Association between the duration of P4P adherence and mortality
In total, 3267 and 2008 patients achieved good P4P adherence for at least 1 year and at least 2 years, respectively. Compared (Table 3) .
Regarding the antidiabetic agents, insulin use with or without metformin/sulfonylurea was consistently associated with an increase in mortality in both subgroups. We then investigated whether the patients with good adherence to the P4P program still demonstrated survival benefits compared with those with poor adherence. Among the 5478 enrollees in the P4P program, there were 3470 and 2008 patients in the good adherence and poor adherence groups, respectively, according to the adherence status stratified by achieving good P4P adherence for at least 2 years (Supplemental Table 1 (Fig. 1) . Kaplan-Meier survival curves showed a significance difference between the P4P group and control group (P < .0001 by the log rank test) (Supplemental Figure 1 , http://links.lww.com/MD/D766).
Discussion
The results showed that within 5 years of the diagnosis of type 2 diabetes, participating in the P4P program was associated with a significant reduction in all-cause mortality compared with standard medical care alone. The positive effects of the P4P program existed across age-and disease-specific groups except for those with stroke, cancer and psychosis, which may be explained by high competing mortality of these diseases [22] [23] [24] and poor compliance due to the underlying diseases and conditions that can lead to a diminished P4P effect. In the subgroup analysis, the patients with a longer regular adherence to the P4P program had a greater reduction in mortality rate. Hence, both participating in and adhering to the P4P program played an important role in contributing to the reduction of mortality in the patients with newly diagnosed type 2 diabetes. Previous observational studies in Germany suggested the benefit of a diabetes disease management program in improving patient survival, [25, 26] however, Miksch et al [26] excluded patients aged younger 50 years, those with a longer duration of diabetes, and patients enrolled mainly from a single or regional health fund cannot be representative of a national population. The Table 3 Association between duration of good P4P adherence and mortality. generalizability of the results may be limited due to the selection of the patients in these trials. Recent studies in Taiwan has shown the potential benefit of diabetes P4P programs in reducing risk of all-cause mortality among type 2 diabetic patients, [12, 13] however, the enrolled subjects may or may not be newly diagnosed type 2 diabetes mellitus, the number of years since diabetes was diagnosed could not be traced and lack of the time interval between the diagnosis of type 2 diabetes mellitus and enrolled date of P4P program. A P4P program is a coordinated and proactive multidisciplinary approach with a focus on diet advice, behavior modification, and multifactorial risk reduction. The study showed the positive impact of diabetes self-management behavior, an important element of patient education in a P4P program, on the reduction of all-cause mortality in patients with type 2 diabetes. [27] The Steno-2 study also confirmed that multifactorial risk factor interventions improve morbidity and mortality outcomes in patients with diabetes. [28, 29] Moreover, 1 study from the UK found that mean blood pressure and blood glucose were reduced after the introduction of a P4P incentive program for patients with type 2 diabetes [30] and another study from Taiwan has shown that the P4P patients tended to receive more HbA1c tests, fundus and foot examinations, had good HbA1c and LDL outcomes (HbA1c < 7%, LDL < 100 mg/dl) and less likely to have poor HbA1c and LDL outcomes (HbA1c > 9.5%, LDL > 130 mg/dl). [5] However, the optimal timing for when to enroll in a P4P program after the diagnosis of diabetes has not been established. It is possible that the benefits of a legacy effect in vascular protection may not be manifested and the habit of diabetes selfcare management not be deeply ingrained if the initiation of a P4P program after diabetes diagnosis occurs too late. Our findings suggest positive survival benefits of a P4P program initiated within 5 years after the diagnosis of diabetes, however, the survival benefits beyond 5 years are unknown. It is possible that a longer duration of diabetes is associated with an increased risk of coronary heart disease [31] and increased prevalence of cancer [32] which may attenuate the effects of a P4P program, and therefore large prospective clinical trials are needed to explore whether survival benefits exist with enrollment in a P4P program beyond 5 years after the diagnosis of diabetes.
It is clear that noncompliance including non-adherence to medication and clinic appointments is linked to worse metabolic status. Adults aged 45 to 64 years, the most common age for a diagnosis of diabetes, have been reported to have poor glycemic control, adverse health-related behavior, and to receive less guideline-recommended examinations than those aged 65 years or older. [33] Currie et al [34] demonstrated that poor medical compliance was associated with an increase in all-cause mortality in patients with type 2 diabetes treated with insulin. Our results showed that patients enrolled in the P4P program made more outpatient visits than those who were not enrolled, consistent with prior studies. [3, 4] It is plausible that the patients with poor adherence may have developed more diabetic complications over time which thereby increased the risk of all-cause mortality. Our results revealed that the reduction in mortality was strongly correlated with the duration of adherence to the P4P program, regardless of the treatment modality (insulin or oral antidiabetic agents). Indeed, the major difference between patients with and without participating the P4P program is favored in the diabetes education and adherence to diet, medications and guidelinerecommended examinations, rather than the medication they used. Because it is not possible for physicians to prescribe different medications or set different therapeutic targets according to patient participating P4P program or not. In contrast, team members can spend more time for patients in P4P program to educate more detailed knowledge and skills of diabetes care, which might minimize the incidences of diabetic complications. A good interrelationship between members and patients can also be established through this process and can motivate patients to get more adherences to the subsequent medical managements. Thus, interventions to improve adherence to P4P programs should be implemented in clinical practice. Insulin exposure seemed to be significantly correlated with mortality in our results. Using insulin alone or insulin plus metformin, sulfonylurea, or both resulted in an increased risk of mortality compared with using metformin alone, which suggests that exogenous insulin treatment has a detrimental effect on survival benefits and appears to be of prognostic importance. The majority of previous studies have reported that the administration of exogenous insulin leads to adverse outcomes of diabetesrelated complications and all-cause mortality. [35] [36] [37] [38] The underlying mechanisms are unknown, however it is plausible that insulin is associated with an increased risk of developing hypoglycemia, cardiovascular disease, [39, 40] and cancer [41, 42] , which in turn increase the risk of sudden death due to hypoglycemia-induced cardiac arrhythmia [43] , death from cardiovascular events and cancer. [44] Nevertheless, most previous studies have been observational research, associated with inherent bias and confounding factors so that the results should be interpreted with caution. In real world clinical practice, the patients with using insulin therapy may reflect the more difficult glycemic control, which may infer the underlying more complicated metabolic status and a larger degree of comorbidities. Whether or not insulin has a detrimental effect on mortality remains controversial and particular care should be taken when prescribing insulin.
Our results suggest that participating in a P4P program is associated with survival benefits; however, these results should be interpreted within the context of the studys limitation. First, given that this is an observational study, possible residual confounding factors cannot be excluded. We individually matched pairs for age, gender and the date of a diagnosis of diabetes, and both groups were followed-up from the same enrollment date to avoid immortal time bias, [45] which is common in cohort studies. Although we took comorbidities, social-demographics including the level and location of the medical hospital into account, we were unable to adjust for other aspects of care including personal glycemic control such as HbA1c level, blood pressure control, hyperlipidemia control such as LDL level, educational status, body mass index and physical activity, which are not available from the NHIRD but may have influenced the results. Second, the people who willingly participate in a P4P program or are selected for such disease management programs by physicians are not randomly selected. Many patient-and physician-level factors about participating in P4P program could be contributing to selection bias. Hsieh et al [46] has reported that patients with greater disease severity and comorbidities were more likely to be excluded from the P4P program. As similar phenomenon shown in our study, the non-P4P group had more comorbidities than the P4P group. The enrollees may be more conscious and concerned about their health care than people who do not enroll or drop out early, also known as the "healthy user effect". [47] However, we cannot account for these biases, which may result in biased estimates of the effect on health outcomes.
Conclusions
In conclusion, participating in a P4P program within 5 years after the diagnosis of type 2 diabetes was associated with a significant reduction in all-cause mortality independently of underlying comorbidities and other covariates. Moreover, the patients with better adherence had a better survival rate. With the ever increasing number of patients with diabetes worldwide and the associated higher risks of developing cardiovascular disease, chronic kidney disease and cancer in addition to the large economic burden on healthcare systems, we suggest that efforts should be devoted to promoting P4P programs in patients with newly diagnosed type 2 diabetes for long-term survival benefits.
